Rationale: Choice and intensity of early (first 48 h) sedation may affect short-and long-term outcome. Objectives: To investigate the relationships between early sedation and time to extubation, delirium, and hospital and 180-day mortality among ventilated critically ill patients in the intensive care unit (ICU). Methods: Multicenter (25 Australia and New Zealand hospitals) prospective longitudinal (ICU admission to 28 d) cohort study of medical/surgical patients ventilated and sedated 24 hours or more. We assessed administration of sedative agents, ventilation time, sedation depth using Richmond Agitation Sedation Scale (RASS, four hourly), delirium (daily), and hospital and 180-day mortality. We used multivariable Cox regression to quantify relationships between early deep sedation (RASS, 23 to 25) and patients' outcomes. [CI], 0.87-0.94; P , 0.001), hospital death (HR, 1.11; 95% CI, 1.02-1.20; P ¼ 0.01), and 180-day mortality (HR, 1.08; 95% CI, 1.01-1.16; P ¼ 0.026) but not delirium occurring after 48 hours (P ¼ 0.19). Conclusions: Early sedation depth independently predicts delayed extubation and increased mortality, making it a potential target for interventional studies.
Mechanically ventilated patients commonly receive some form of intravenous sedation. A recent metaanalysis, however, has noted that the overall quality of sedation trials is low, and there is limited evidence to guide drug selection and administration strategies (1) . This lack of data is confirmed by the recently presented 2012 Society of Critical Care Medicine "Clinical Practice Guidelines for the Management of Pain, Agitation, and Delirium in Adult ICU Patients" (2) , which provide evidence-based recommendations on sedation management. Additionally, a recent clinical review presented a contemporary perspective on sedation strategies to improve outcome in ventilated critically ill patients (3) . The availability of sedation and (Received in original form March 22, 2012 ; accepted in final form July 20, 2012) * A complete list of members may be found before the beginning of the REFERENCES.
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delirium assessment scales has standardized patient assessment, making sedation more reproducible and comparable, potentially improving the quality of clinical trials (4, 5) . Studies using such tools have raised concern that the choice of sedative drugs and depth of sedation may influence the subsequent development of delirium and other key patient outcomes, including mortality (6) (7) (8) (9) . None, however, have explored the possible association of sedation depth with long-term outcome.
The outcome of mechanically ventilated patients is determined by factors present at the initiation of ventilation as well as by management decisions made during mechanical ventilation, including sedation strategy (choice of sedative agents and sedation depth) (10) . It is plausible that the long-term outcome of mechanically ventilated adult patients could be influenced by the initial management of sedation (early sedation). Until now, sedation trials have enrolled patients mostly after 48 hours after the initiation of ventilation, during which time patients receive non-protocol-based sedation with unknown impact on outcomes. In addition, surveys of sedation practice, so far, have not longitudinally assessed the choice and the depth of early sedation and its association with relevant and long-term clinical outcomes (11) (12) (13) (14) (15) . As a result, modern early ICU sedation practice is inadequately characterized and its effects poorly understood.
We performed a multicenter, prospective longitudinal cohort study of sedation practice in ventilated adults in Australia and New Zealand (ANZ), including early (first 48 h) and subsequent sedation. The objectives of this study were to characterize the pattern of early sedation practice in ANZ ICUs and assess its relationship with relevant clinical outcomes, including time to extubation, delirium, and hospital and 180-day mortality. We hypothesized that the choice of sedative agents and the intensity of sedation depth in the first 48 hours would be associated with these outcomes.
Some of the results of this study have been previously reported in the form of an abstract (16) .
METHODS

Study Design and Eligible Patients
Each participating center's Human Research and Ethics Committee approved this study with a waiver of consent. We recruited patients from 25 ICUs in ANZ, including tertiary, metropolitan, and rural hospitals. Over 3 months, (June to September 2010) each unit recruited up to a maximum of 20 patients. Patients were eligible for inclusion if they were ventilated within the previous 24 hours, were receiving continuous or intermittent intravenous sedative and/or analgesic drugs, and were expected to stay in ICU and remain sedated or ventilated for longer than 24 hours. Exclusion criteria were age less than 18 years, proven or suspected neurological impairment, burns, dementia or psychiatric illness, palliative care or treatment limitations, or inability to communicate in English.
Study Procedures
We conducted the study in collaboration with the ANZ Intensive Care Research Centre (ANZIC RC) and the Monash University Centre of Clinical Research Excellence in Therapeutics. We designed a streamlined data case report form for optical recognition scanning. We trained senior clinicians and all research coordinators on study procedures, including practical sessions and bedside training on performing the Richmond Agitation Sedation Score (RASS), performed by bedside nurses, and the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU), performed by research coordinators (4, 5, 17) .
Measurements, Definitions, and Data Collection
At enrollment, we collected demographic data, including age, sex, body weight, admission source, date and time of hospital and ICU admission, and date and time of first intubation. We recorded Acute Physiology and Chronic Health Evaluation II (APACHE II) score at the conclusion of 24 hours in the ICU, APACHE III admission diagnosis (18) , and key interventions, including vasopressor and inotropic agents and renal replacement therapy (newly initiated or ongoing).
We followed patients daily from admission until ICU discharge, death, or 28 days in the ICU, whichever came first. During this time we assessed and recorded sedation level using the RASS scale every 4 hours (4). A RASS of 22 to 11 was considered "light sedation" and a RASS of 23 to 25 "deep sedation." A RASS between 12 to 14 was considered "agitation." For the daily RASS assessments over the 28 days, patients may fall into more than one RASS category on the same day; however, no duplicate ranges were counted (i.e., a patient with three RASS assessments in deep sedation range had one RASS in deep sedation only counted for that day). Presence of pain was assessed by the bedside nurses with every RASS assessment. The visual analog scale was used in patients who were able to report pain, whereas in patients unable to report pain, Critical Care Pain Observation (19) descriptors were used to guide nursing assessment for the presence or absence of pain.
CAM-ICU was assessed daily and only during light sedation (RASS, 22 to 11) to avoid overdiagnosis. Patients were considered delirious if their CAM-ICU (5) assessment was positive (when the RASS was 22 to 11).
We collected daily cumulative dose of sedative, analgesic, and antipsychotic medications and the number of days prescribed. Only sedatives given in the ICU were collected. Data on sedatives given outside the ICU during surgery or other out-of-ICU interventions were not collected. To examine the pattern of sedative and analgesic administration, we divided the cohort into quartiles of ICU length of stay (,4, 4-8, .8-14, and .14 d).
We defined successful extubation as cessation of mechanical ventilation without further requirements for ventilation, including continuous noninvasive ventilation within the next 24 hours. We recorded survival status at ICU and hospital discharge or 28 days. We obtained 180-day survival from medical records or data linkage with the Australian and New Zealand National Death Registries.
Statistical Plan
Sample size. The number of times a patient was deeply sedated during the first 48 hours is anticipated to be approximated by a normal distribution with an SD of about 4. Based on a mortality rate of 25%, with 250 patients, this study will have a 90% power (two-sided P value of 0.05) to detect a difference of 2 in the number of times deep sedation occurred in the first 48 hours between alive and deceased. A difference of this magnitude is perceived to be clinically relevant. Furthermore, with 250 patients we have a 78% power to identify a point estimate to within 5% of the true value for an event, such as a particular pattern of sedation, when that event truly occurred in at least 10% of patients Statistical analysis. All patients were included in the analysis. Comparisons of proportions were performed using chi-square tests for equal proportion or Fisher exact tests where appropriate. Normally distributed continuous variables were compared using Student t tests and presented as means (SDs). Nonnormally distributed variables were compared using Wilcoxon rank-sum tests and presented as median (interquartile range [IQR] ).
Early deep sedation was defined by the number of times RASS assessments (collected every 4 h) were between 23 and 25 during the first 48 hours of ICU stay. Deep sedation was treated as a continuous variable. Early deep sedation was the primary exposure variable in the time-to-event analysis of outcomes occurring after 48 hours: time to extubation, time to subsequent delirium, time to hospital death, and 180-day mortality. Time-to-event analysis was performed using Cox proportional hazard regression and reported as hazard ratio (HR) and 95% confidence interval (CI) and as Kaplan-Meier curves with a corresponding log-rank test. Adjustment of observed effects due to known or suspected potential confounders was undertaken using multivariable analysis using a list of a priori defined covariates comprising APACHE III diagnosis (cardiac, respiratory, gastrointestinal, sepsis, or other), age, sex, APACHE II score, operative admission (surgical), elective admission, hospital type (rural, metropolitan, or tertiary), and early use of vasopressors and dialysis within the first 48 hours of admission. All patients with ICU lengths of stay less than 48 hours were excluded from the multivariate analysis. A two-sided P value of 0.05 was considered to be statistically significant. Analysis was performed using SAS version 9.2 (SAS Institute Inc., Cary, NC).
RESULTS
Patients' Characteristics
We studied 251 patients ( Figure 1) . Their characteristics are shown in Table 1 . The use of vasopressors was common (more than 70%), whereas just under one-quarter of subjects received renal replacement therapy or a tracheostomy. The most common APACHE III admission diagnosis was respiratory failure (96 [ (Table 2) . Midazolam was used more frequently than propofol in patients with longer ICU stay (.8 d) (Table 3) . Fentanyl was used more commonly than morphine after 48 hours and became the predominant analgesic agent for longer ICU stay patients (P ¼ 0.003).
Of the 2,678 study days, patients received sedatives on 1,956 (73%) days, mainly during the first few days of critical illness and ICU stay. Patients received midazolam on 716 of 1,956 (36.6%) and propofol on 706 of 1,956 (36.1%) days. Fentanyl was given on 996 (50.9%) and morphine on 588 (30%) days. Dexmedetomidine was administered on 189 (9.7%) days and predominantly in patients staying in ICU longer than 4 days (Table 3) . Combinations of drugs were more frequent than single agents. The most common combination was midazolam and an opioid given on 471 (49.3%) days followed by propofol with an opioid given on 241 (25.2%) days. Propofol and fentanyl were the agents most commonly used as a single agent on 157 (31.2%) and 147 (29.2%) days, respectively.
Pain was reported to be present in 18 (7.2%) patients at the time of their first assessment and in 57 (23.5%) patients during the first 48 hours.
Prevalence of Delirium
Within the first 24 hours of study commencement 67 of 251 (26.7%) patients were within RASS 22 to 11, and among these, 58 patients had a CAM-ICU assessment, of which 18 (31%) were positive. Within the first 48 hours, 124 of 250 (49.6%) patients were assessable (RASS, 22 to 11), and among these, 30 of 124 (24.2%) had been delirious for at least 1 day. Throughout the study, 111 of 219 (50.7%) of assessed patients (RASS, 22 to 11) were delirious at least 1 day with a median (IQR) duration of delirium of 2 (1-4) days. The proportion of patients with delirium increased with increasing ICU stay (P ¼ 0.002), with more than 67% of patients staying in ICU longer than 14 days experiencing at least 1 day of delirium (Figure 2 
Choice of Antidelirium and Agitation Agents
Throughout the study period, haloperidol, dexmedetomidine, or diazepam were prescribed to 67.3% (haloperidol 20.7%, dexmedetomidine 30.6%, and diazepam 18%) of delirious or agitated patients. In patients without the diagnosis of delirium or agitation, these drugs were prescribed to 27.8% (only 5.7% were given haloperidol, 17.1% were given dexmedetomidine, and 5% diazepam). Virtually all (114 of 116) patients who received one of these drugs were ventilated for more than 4 days ( Table 3) . Figure 3 .
Sedation Targets
Depth of Sedation and Outcomes
Cox proportional hazard multivariable regression modeling, adjusting for a priori defined covariates comprising APACHE III diagnosis (cardiac, respiratory, gastrointestinal, sepsis, or other), age, sex, APACHE II score, operative admission (surgical), elective admission, hospital type (rural, metropolitan, or tertiary), and early use of vasopressors and dialysis within the first 48 hours of admission, showed that early sedation depth was predictive of time to extubation, with the occurrence of each additional deep sedation increasing time to extubation by (12.3 h), after adjustment for potential covariates (HR, 0.90; 95% CI, 0.87-0.94) ( Table 4) . Male sex, respiratory admission diagnosis, and the need for vasopressors were also predictors of time to extubation. The median (IQR) time to extubation was significantly longer in patients deeply sedated early (at 48 h) (7.7 [6.0-8.6] vs. 2.4 [1.9-4.0] d; P , 0.001), and their probability of death at 180 days was significantly higher (P ¼ 0.048) ( Figures 4A  and 4B ). Using multiple regression, the cumulative dose of midazolam and fentanyl given in the first 48 hours also predicted time to extubation independent of sedation depth (P ¼ 0.001 and P ¼ 0.010, respectively). Neither propofol nor morphine cumulative dose given in the first 48 hours was independently predictive of time to extubation. or metropolitan) , use of vasopressors, and dialysis within the first 48 hours of admission, each additional occurrence of deep sedation in the first 48 hours remained associated with death in hospital (HR, 1.107; 95% CI, 1.022-1.200; P ¼ 0.0126). Deep sedation was also associated with long-term mortality, with every additional RASS assessment in the deep sedation range being independently associated with increased hazard of death at 6 months (HR, 1.083; 95% CI, 1.01-1.16; P ¼ 0.026) ( Table 4) . The above associations (occurrence of early deep sedation with time to extubation and mortality) were approximately linear with trend analysis (0.03) using Cochran-Mantel-Haenszel test. There was no independent association between choice of sedative agents in the first 48 hours and hospital death or 6-month mortality.
DISCUSSION Key Findings
We found a significant relationship between early sedation depth and major clinical outcomes. Early deep sedation was a significant independent predictor of death and time to extubation. Every additional RASS assessment in the deep sedation range in the first 48 hours was associated with delayed time to extubation of 12.3 hours, a 10% increased risk of hospital death, and an 8% Figure 2 . The overall incidence of delirium (1ve CAM-ICU) and according to intensive care unit (ICU) length of stay categories. This graph shows that the incidence of delirium, as a percentage of assessable patients (Richmond Agitation Sedation Scale [RASS] 22 to 11) measured by Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) is high, with more than 50% of patients scoring 1 or more delirium day. There is a substantial increase in the incidence of delirium with increasing ICU stay, reaching almost 70% in those staying in ICU longer than 14 days. . This graph depicts daily sedation level scored by each ventilated patient reported every 4 hours. Patients may fall into more than one RASS category on the same day; however, no duplicate ranges were counted (i.e., a patient with three RASS assessments in deep sedation range will have one RASS in deep sedation only counted for that day). On Day 0 only first assessments were recorded (one assessment per patient). At first assessment, 191 of 251 patients were deeply sedated and more than 50% of patients continued to score deep sedation at least once until Day 4. Agitation (RASS . 1) was uncommon throughout study days.
increased risk of death at 6 months. These associations remained significant after adjusting for illness severity and other relevant potential confounders. We believe this is the first study to report this important association between early ICU sedation practice and clinically important outcomes.
Relationship with Previous Studies
Previous studies have shown that the presence of deep sedation (coma) in ICU patients substantially increased the probability of death at 6 months long after its occurrence (20) (21) (22) . Our study identified the novel finding that early sedation depth is independently associated with time to extubation and long-term mortality. The early ICU period is the time when decisions about sedation choice and depth are made, and sedation depth is typically least monitored and deeper sedation is accepted by many clinicians. Although early deep sedation may be clinically necessary, the intensity of sedation often exposes patients to unwarranted lengthy deep sedation by the "overshoot phenomenon." Trials limiting sedation depth have shown a beneficial effect. For example, ventilated patients randomized to a protocol of no sedation had significantly more ventilation-free days and lower hospital mortality (23) . Sedation algorithms targeting light sedation were also shown to have similar benefits (8, 24) . This suggests that the first 48 hours of sedation may be a key period for effectiveness trials, when interventions are most likely to have an impact on outcomes assessed. To date, major controlled trials of sedation randomized subjects up to 96 hours after initiation of mechanical ventilation, missing the impact of early sedation on important outcomes (8, (25) (26) (27) . Finally, early deep sedation is a potentially modifiable risk factor. Our findings suggest that trials that do not include early intervention may fail to detect a treatment effect.
Our cohort shares many characteristics with patients in previous observational and interventional studies, including a high APACHE II score, a mix of medical and surgical patients, diagnostic categories, multiple interventions, and mortality, thus providing a degree of external validity (8, 10, (23) (24) (25) (26) . There is limited information from other studies on the depth of sedation in the first 48 hours. However, the overall depth of sedation and choice of agents in our cohort was typical of that seen at randomization in previous studies (19) (20) (21) (22) (25) (26) (27) . It is unlikely that sedation depth and outcomes observed in our study are unique to ANZ ICUs. Distinct features of ANZ ICUs, such as 1:1 patient to nurse ratio, direct coordinated nurse-led sedation management with frequent titration of sedative infusions as clinically desired, twice-daily intensivist-led rounds, and common use of sedation scales and algorithms, suggest that ANZ standard practice is not inferior to other published algorithms (11, 28, 29) . Daily interruption of sedation was uncommon, as previously reported in ANZ ICUs (25, 30) . However, the generalizability of the benefit of this practice has been questioned (31) (32) (33) (34) . Furthermore, the original published sedation interruption protocol was applied 48 hours after commencement of mechanical ventilation (35, 36) . Although a systematic review found deep sedation to extend up to 6 days in most published trials (37) , other studies found a high prevalence of deep sedation at enrollment (5, 20, 22, 26) . This is consistent with our finding that most of our patients were deeply sedated early in their ICU admission. Similarly, the incidence and duration of delirium (50.7%) was comparable to previously published data (15, 16, 38) . All these findings suggest broad relevance for our observations.
Finally, the cumulative dose of midazolam and fentanyl predicted delayed extubation, whereas propofol and morphine did not. This concurs with reduced midazolam, but not propofol, exposure and sedation depth seen with daily sedative interruption (35) . Although the role of dexmedetomidine in ICU sedation is still evolving, it was mostly used for delirious and/or agitated patients once these conditions developed, rather than as a primary sedative agent early in a patient's ICU stay. This reflects published reports showing reduced delirium and/or delirium duration (22, 25, 39, 40) . Although the use of dexmedetomidine as a sedative agent seems to be increasing, the use of traditional sedatives remains more common (41) (42) (43) .
Study Strengths and Limitations
This study has many strengths, including prospective and detailed multicenter longitudinal assessment in a broad range of critically ill patients and the use of CAM-ICU by trained research coordinators. Daily delirium assessment was only done during light sedation to avoid overdiagnosis. A small percentage of patients did not have delirium assessment, which may have slightly reduced the true incidence of delirium. Patients who were not receiving intravenous sedative medications were not included. Although the multivariable analysis adjusted for known confounders, adjustment for other confounders, such as dynamic changes in illness severity, presence or absence of sepsis/septic shock, and individual and genetic variability, could not be performed. Cohort studies cannot establish causality, and early depth of sedation may, at least partly, be a marker of illness severity for which APACHEII score was inadequate to adjust. Nevertheless, the results of this study generate a premise that needs to be tested in adequately powered well-designed trials.
Implications for Clinicians and Investigators
The association between early sedation depth and important outcomes suggests that this aspect of sedation management is a major unobserved confounder in trials of ICU sedation. Early randomization in future sedation trials can be achieved through a hierarchy of consent that includes delayed consent, consistent with trials of emergency interventions. This may increase the ability of an intervention to influence outcome, be more informative to clinicians, and have a greater power to detect an effect on important outcomes such as mortality and long-term outcomes. On the other hand, the lack of association between depth of sedation and delirium seen in our study challenges the view that the intensity of early sedation might contribute to its subsequent development. However, the incidence of delirium in our cohort, despite CAM-ICU assessment during light sedation only, was high, reaching nearly 70% in patients staying in the ICU longer than 14 days. This supports the need for universal monitoring of delirium.
Conclusions
Early deep sedation is an independent predictor of delayed time to extubation and increased long-term mortality. The prevalence of early deep sedation presents a modifiable risk factor that is a candidate for future intervention (44, 45) . Future trials should be designed to deliver interventions at the time of or within a few hours of the initiation of sedation. 
